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The Porto Rico Agriciiltural Kxperinient Station has kept in closi^ 
Unwh with the local citrus industiy from tlie time of tlie ijhintino- of 
the first commercial groves. It has helped to solve many of the 
ptobiems having a bcniring on the industry and lias had to (lelay the 
-ohition of others because of a lack of adecpiate facilities for doing 
^■''search work. Thousands of replantings must be made following 
iiie loss of citrus trees in the hurricane of 1928, and many new 
oToves are being planted by persons who have had no special training 
HJ citrus culture. It is important that all growers should know how 
tl5<y can avoid making mistakes which w^ould defeat tlie i)ur|)ose for 
^viiich the plantings are made. Representative groves in the differ- 
'^J^^ districts w^ere recently studied for the purpose of secnring a 
^'^^tiulation for a contemplated campaign of systematic research. 
j^^'^iie of the data obtained are publislied in this bulletin and should 
'■^' 'd' value to fruit growers in general and particularly to those wdio 
'''* ^^'habilitating old groves or planting new ones. 



EARLY PLANTINGS 

^ dling citrus trees' are found growing in Porto Rico, as in other 
ds of the West Indies. It is im])ossible to trace the various intro- 
ons, for the seeds usually were brought in as a matter of course, 
*!o record was made concerning their origin. It is reasonable to 
"se, how^ever, that a great many different lots of seed were 
■Sit in from the various places where desirable fruit was found 

70.",»i 3o__ — 1 J, 
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growing, especially from around the Mediterranean Sea. This 
would naturally be the case with oranges, and to a lesser extent with 
shaddocks, grapefruits, lemons, and limes. The shaddock and per- 
haps the grapefruit also were probably planted as a curiosity only. 
The shaddock is seldom found growing wild in Porto Rico and the 
grapefruit only scatteringly in the different districts, the trees grow- 
ing singly or in small groups. The so-called native grapefruit tree 
is characterized by tall, upright growth, in which respect it resembles 
the Triumph variety. Like it also, the native grapefruit tree is im- 
mune to citrus scab. The fruit is small to medium in size, and of 
rather insipid but slightly bitter taste. 

The orange is growing wild or semicultivated more extensively in 
Porto Rico than elsewhere in the West Indies, partly because the 
tree has been found useful as a coffee shade, and partly because the 
fruit can be marketed profitably. In the New^ York market the fruit 
is known as the " Porto Rican wild orange," which is a misnomer, 
for it is cultivated as thoroughly as is coffee. The fruit might better 
be called the Porto Rico mountain orange. It varies in size, shape, 
and quality, but is generally characterized by thin rind, melting pulp, 
and extreme juiciness. The fruit varies from light to dark orantre 
in color, and from seedless to very seedy. Especially selected trees 
which have been used for propagation from time to time have been 
found to transmit character of the fruit as well as growth habit of 
the tree. Unfortunately, a very large number of seedling trees were 
destroyed by the hurricane of 1928. 

COMMERCIAL PLANTINGS 

Local commercial citrus growing dates from about the year 1901. 
The first trees which were planted in commercial groves were intro- 
duced from Florida, and simultaneously with that introduction 
nurseries were started on the island. Rough lemon and sour orange 
from locally obtained seed were the first stocks to be planted in 
Porto Rico. Later the cultivated grapefruit was also used for stock. 
and during the past 15 years seedlings of the so-called native gi'^P^'- 
fruit have been used to some extent. The first groves were of oranges 
and grapefruit, with the former greatly predominating. Perhaps 
all the varieties of oranges grown in Florida at the time were inivo 
duced into Porto Rico either in the form of bud wood or butldcil 
trees. The buds were not selected as they are nowadays; in fact. 
they must have been cut frequently from nonbearing trees bec<ni>e 
many of the trees in Florida had not attained the bearing stage ioh 
lowing the freeze of 1895. The result of this promiscuous cult mi-' 
of bud wood became apparent as soon as the trees began to h<''i| 
Some varieties were not true to name, and most varieties bore nsi^^ 
which in both quality and quantity was below expectation, ""ini' 
of the varieties, moreover, were unlike the same kinds growls '•' 
Florida. The pineapple orange, for example, failed to prodis i^^ 
characteristic flavor, and the blood orange showed no color, wl '^'^^^ 
the navels were coarse and dry as they usually are in Florida. " '!"^j 
variations and the slow growth of thp orange tree as compared it ^ 
tnat of the grapefruit tree, together with the then-prevailin- ^<*^^ 
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price of oranges, caused many growers to make new plantings or to 
rebiid the trees alreadj^ planted ; as a result, very few orange groves 
ai'( to be found in Porto Rico to-day. 

The introduced grapefruit varieties, like the orange varieties, 
comprised practically all that were grown at the time in Florida. 
Types resembling the Duncan seem to have predominated, and the 
Duncan and the seedless varieties apparently have been preferred 
ill later propagation work. To-day only these two varieties are 
recognized.^ The seeded type is locally known as the Duncan re- 
^i-ardless of visible differences, and the seedless, or nearly seedless 
type, is called " Marsh Seedless." The variation found in most of 
the groves is considerable, and would seem to point toward a profit- 
able field for selection. 

The first groves were started by continental Americans, only a 
few of whom had had experience in citrus growing. Their experi- 
ence had been gained in Florida, and as a result an attempt was 
made to apply Florida methods to Porto Rico. Many of the meth- 
ods, such as low budding, deep planting, and growing the trees 
without wind protection, proved to be great handicaps to a success- 
ful industry from the very beginning. Efforts to combat gum 
disease, scale insects, ants, leaf-eating beetles, and root-eating grubs 
were costly and discouraging. As experience was gained these diffi- 
culties were overcome, but many of the surviving trees have re- 
(luired constant attention ever since. Because of these early mis- 
takes the annual loss of trees in Porto Rico has been abnormally 
iigh. During the past 10 years many of the most productive tree's 
nave died from root rot and from gumming induced by low plant- 
ing. The life of some of these trees has been greatly prolonged by 
marching and by the judicious use of tree surgery, but most of them 
were destroyed by the hurricane of 1928. Thousands of healthy 
trees were blown over. Those which were promptly set up and 
Ijroperly cared for usually recovered, but many trees in the mountain 
•listricts were lost as the result of neglect. 

ANNUAL SHIPMENTS OF FRUIT 

Production per tree is difficult to estimate, and the average yield 
P^^t* tive can not be stated because some trees yield 10 to 20 boxes of 
>'^|it, whereas others yield nothing. Of the latter kind, some mav 
'<^t have reached bearing age, and others may be nonbearers or 
Pi'U't ically so. The export figures for oranges can give no clue 
'^ t'se yield per tree because oranges from the mountain districts 
^'^' -nipped only when prices warrant, and the island consumption 
^^ '^i^vuyH uncertain. The census report of 1920 showed that there 
^•'^ ^ ^len a total of 1,300,000 orange trees on the island. A compari- 
l'^*'^ ' i this number of trees with the number of boxes of oranges 
M^^ ic^d m 1918 reveals a yield of less than half a box of fruit per 

1^'- ^nd similar comparisons show that in other years the yield 
J^ll" 'je-quarter of a box of fruit or less per tree. Notwithstanding 

1'":' I acts, the seedling trees are usually very prolific. 
]{\ '^' ^, gives the annual shipments of citrus fruits from Porto 
'^^'^' '>r the period 1910-1928, inclusive. 
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Tahi.k L — Annual shipments of citrus fruit from Porto Rico for the fiscul 

period 1910-1928 ' 



Year 


Oranges 


Grape- 
fruit 


Canned 
grape- 
fruit 

Boxes 


Year 


Oranges 


Grape- 
fruit 


Canned 
grape- 
fruit 


1910-- 


Boxes 
296, 058 
349, 442 
277, 422 
353, 690 
348, 927 
200, 311 
404, 451 
503, 318 
603, 226 


Boxes 

48, 441 
96, 189 
118,937 
216,247 
206, 200 
276, 583 
296, 645 
435, 890 
549, 125 
417, 369 


1920 


Boxes 
336, 625 
162, 395 
388, 882 
732, 973 
192, 363 
336, 761 
463, 709 
311, 294 
546, 463 


Boxes 
419, 629 
667, 637 
360, 530 
460, 951 
666, 657 
579, 736 
809, 038 
692, 052 
891, 940 


Ihifs 


1911 




1921 




1912 




1922_- 




1913 




1923 




1914_- 




1924 


iO"2 It 


1915 




1925 


12.'! tfi 


1916. 




1926 

1927 


201 sv 


1917 




'.\\\ Ui 


1918 




1928 


'■\'\\ '•<] 


1919 


373, 679 


i 













1 According to I'nited States customs figures. 

A ^a^ove-to-grove census, taken shortly after the hurricane of Sep- 
tember, 1928, showed that there were then on the island approxi- 
mately 6,000 acres planted with 430,000 grapefruit trees of all ages. 
Table 1 shows that 891,940 boxes of grapefruit in the fresh state 
were exported in 1928 and that 334,207 boxes of the canned fruit 
were shipped. If 3,793 boxes of fruit are allowed for local consump- 
tion, the island will be found to have produced a total of l,23().()i)(> 
boxes of grapefruit that year. This production from 300,000 full 
bearing trees would give an average yield of slightly more than 4 
boxes per tree. The table also shows that while production has in 
creased steadily fluctuation has been considerable from year to year. 

NATURAL REQUIREMENTS 

SOILS 

That the citrus tree is not very exacting as to its soil requirement- 
is well illustrated by the fact that the groves are found on soils 
covering a wide range from beach sand to heavy clay. A systemati' 
study of existing groves reveals differences in growth of tree <lne to 
soils which were not readilj^ discernible at the time of plantin<>". Thn 
is true especially of the region between Bayamon and Arecibo. wlnc'' 
is bordered by the ocean on one side and by the railroad and ih 
places by the public highway on the other. The soils of this region 
vary from sand that is almost devoid of colloidal matter to n^^^ 
containing less than 25 per cent sand. The growth of the trees im 
nishes information regarding the chief limitation of each soil type. 
The white sand is poor because it does not retain enough nioi^ure 
and plant nutrients to supply the needs of the trees under ex| tniij 
conditions. The darker sand, containing 2 to^ 3 per cent coH'>J^I|^ 
matter, of which about 1 per cent is organic, is excellent, P^'^'^ ',*.;!'* 
the subsoil is pervious and the water level is not too variablt* l'»^' 
red sandy soils containing upwards of 10 per cent colloidal • sjit Jj^ 
are suitable for tree growth, provided they do not cement. Ce: ^'^'^i^j 
tion is caused by the high amount of iron and the colloidal ■ ' j^^^^j 
which it is present in these soils, and it prevents the trees from sevo - 
oping properly. The clay soils in this region vary from 20 t(^ '^ P^' j 
cent clay and are similar to those found in other regions. 
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The soil at Plantaje, both surface and subsoil, in which the first 
(OHiinercial grove on the island was planted, consists of shell sand. 
With the formation of land at this point, silt was deposited in the 
lower places, whereas the slight ridges remained practically pure 
sand. A heavy hammock growth developed, especially in the silt- 
covered areas, and after it was removed considerable humus re- 
iiuiined. The difference between the poorest and the best soils in 
these groves is readily discernible by the color of soil. Analyses 
show a difference of 2 to 3 per cent in colloid content, practically 
all of which is organic matter. In the better grade of this soil tree 
(/rowth is excellent, and even in the poorest grade the trees develop 
much better than they do under different conditions. 

The water table in these groves reaches within 3 to 4 feet of the 
surface in the rainy season, and supplies abundant moisture most of 
tlie time to the citrus trees even on the poorer soil. On the other 
liand, the high water table is the main limiting factor in root forma- 
tion. The depth of the root system is naturally limited by the 
water level, and although a distance of 3 feet is ample for root 
development it is not sufficient to allow for the changes in water 
level that take place periodically. For example, the water may not 
reach beyond the 3-foot limit in a certain section for several years, 
l)iit during a period of heavy rain it may come to within 21^ feet of 
the surface. Unless this excess water is drained off, the immersed 
roots will decay and the trees may die. At times, especially during 
prolonged droughts when the w^ater table subsides 12 inches or more 
below normal, the trees may suffer from a severe shortage of mois- 
ture. Evidently the pore space in the subsoil is too great to allow for 
much capillary rise of water. A lack of moisture can be remedied 
cheaply by irrigation; but since the Avater has an alkalinity equal 
to 16 gram CaCOs per liter and a pH of 8 to 8.4, it may not be 
suitable for the purpose. In the surface soil with a humus content 
of about 2 per cent, the pH seldom reaches above 7.4. Whether or 
Hot a pH of 8.4 through the entire soil mass world be detrimental is 
not yet known. 

The sandy soils in all the other groves in the above-mentioned 
i^^^ion consist of silica sand mixed with clay silt and organic matter. 
Tlie poorest grade of this sand is exemplified by the narrow ridge 
west of Dorado, which broadens out into a plain of several hundred 
'lull's between Vega Baja and Lake Tortuguero. This sand is several 
fcc't deep and is so pervious that water percolates through it readily, 
^t is practically devoid of clay and humus, and consequently all 
h'l'tilizers applied leach out immediately following a rain. To main- 
hui! plant growth, such sand must be given frequent fertilization 
j*H«l irrigation. Even were this treatment practicable it could not 
^^^* satisfactorily used because citrus trees do not thrive well in a 
^^'jj that is entirely devoid of humus and soil organisms. Obviously 
^u's ('xtreme type of soil is unsuitable for cultivation, and large 
^reas of it can not profitably be made suitable. Often, however, 
^mail areas in citrus groves may be improved without great expense. 

lay, when available, may be applied to good advantage at the 
^'^V ^^t ^^ to^s per acre. The clay should preferably be dry and 
jmrvrrized, or at least granulated, so that it will readily mix with 
^^^^' and. 
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The addition of stable manure to the sandy soil at the rate of i 
ton per acre will supply the soil with organisms, and then cover 
crops can be grown, although fertilizers may be necessary for the 
first few crops. Ground limestone may also profitably be applied 
to such soils at the rate of 2 to 5 tons per acre. A rock crusher 
should be available for use on plantations where limestone is plenti- 
ful because most of the soils in which citrus trees are planted are 
greatly benefited by an application of lime. The poor sandy-clay 
soils may be improved by an application of both ground limestone 
and organic matter. Citrus trees should not be planted on areas 
where the subsoil is high in iron and much cemented. 

The suitability of sandy soils containing small amounts of clay 
and organic matter depends upon the permeability and water-holding 
capacity of the subsoil, as well as upon the level of the water table 
and its fluctuations. Provided that the water table does not reach 
to within 10 to 12 feet of the surface at any time and the subsoil has 
great water -holding capacity and is sufficiently pervious for root 
formation, the citrus tree usually will not suffer much from lack of 
moisture in most of the citrus districts in Porto Rico. In such soils 
trees with a taproot are more likely to succeed than those without. 
In fact, the presence or absence of a taproot is probably often the 
cause of differences in tree growth in many such soils. Wherever 
the level of the water table varies within wide limits the root system 
will adjust itself to the highest level maintained for a considerable 
length of time; consequently, the trees may suffer from drought 
when the level falls. The cultivation practice suggesting itself iin 
der such conditions consists in the growing of cover crops during 
the rainy season and the maintenance of a dust mulch during the 
dry season. 

In sandy soils the leaching of fertilizers may be a problem oi 
some importance. Usually, however, it is of minor importance, j^s 
is illustrated by the following example : A soil which in situ weig 
40 kilograms per cubic foot and has a water-holding capacity of K' 
per cent will retain moisture equal to 2.5 inches of rain per foot. 
If such a soil is fertilized after having been saturated by a In^avy 
rain, the water-soluble salts will go into solution quickly, and if ^"' 
to 3 inches of rain fall shortly after the soil is fertilized a great por 
tion of the soluble salts will be leached below the foot of soil. The 
actual amount of salts so leached will of course depend upon the 
amount of colloidal matter present in the soil. Another rainfall oi 
2.5 inches will wash an additional portion of soluble salts frofo 
topsoil and also some of the salts from the subsoil. When the 
system of the tree is deep and the subsoil contains considerable ^ 
fertilizers are not so likely to be washed below reach of the 'ot 
except during periods of unusually heavy rains. 

The differences in productivity of clay soils are difficult to (h 
and difficult to determine by analytical means. The terms '' hi 
or '^ light," when applied toclays, do not refer to actual weight 
soil but rather to soil plasticity, which is not governed by th 
tent of clay or bv any other constitutent, but rather by ih^^ ^^ 
the entire mass of colloidal matter. A clay subsoil, for insta* 
usually termed "heavy" because the colloidal clay and iroi 
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pounds present are compacted. AVhen brought to the surface such 
subsoil may become hard on drying and plastic on wetting or it may 
become crumbly. Crumb structure does not usually develop in 
such soils until after they have become thoroughly mixed with 2 per 
cent or more of humus. It may erroneously be inferred from this 
that the plowing under of 15 tons of dry grass per acre will result in 
the formation of a 6-inch layer of topsoil. Theoretically this is cor- 
rect, but in reality only a small portion of the organic matter re- 
mains in the soil. In fermenting, the humus becomes thoroughly 
incorporated with the soil, and a crumb structure results. Several 
annual applications of dry grass each of 15 tons would be required 
to produce the desired effect and at the same time leave a deposit 
of 2 per cent of humus in the soil. 

A 6-inch layer of soil is not sufficient for root formation, especially 
in groves where the topsoil is disturbed periodically by cultivation. 
Usually seedling trees the roots of which are not disturbed by cul- 
tivation are shallow rooted where the soil layer is thin and the sub- 
soil hard. Hundreds of such trees when blown over by the hurri- 
cane of September, 1928, were found to have a very shallow root 
system. In cultivated groves having a shallow surface soil the 
subsoil must of necessity be pervious to the tree roots, or growth 
will be very slow. A great many of the groves were found to con- 
tain small and large areas having a shallow surface soil when the 
trees were planted. Holes for planting were dug in the subsoil and 
sometimes dynamite was used to break up the surrounding soil area, 
but the tree growth usually was very unsatisfactory nevertheless. 

Before planting is done it is often difficult to determine whether 
the subsoil is permeable enough for the roots to penetrate, but after 
the trees are planted and have attained the age of about 10 years 
ibe suitability of a soil can readily be judged by the root develop- 
uient. Unfortunately an impervious subsoil can not readily bo 
unproved, and usually it is more profitable to discontinue cultivating 
a grove on such soils than to attempt to improve them. Improve- 
luent, when practicable, may be had by the practice of deep 
^ubsoiling. 

The water table in clay soils is not usually high enough to inter- 
b re with root development, but often drainage is slow, and the soil 
rcuiains saturated for prolonged periods. An excess of water will 
t-uise the roots to decay because the area occupied by them is then 
|H)iiily aerated. In the deep, well-drained clay soils of the Manati 
^'iliey the trees do not suffer from an oversupply of water even 

lln 



n the rains are heavy and prolonged. These soils, because of 

■r crumb structure, are in some respects similar to sandy soils. 

' water drains quickly from them ancl evaporates from the surface 

;iich an extent as to make drought a problem unless the dust- 

''<'ii method of cultivation is practiced. The crumb structure in 

'' soils is readily destroyed by cultivating when the moisture 

;^*nt is too high. This is true of all soils, but some are much more 

;ult to handle than others. One type of soil in the Cidra Valley 

■^ns its crumb structure much better than do the soils of the 

^i'iti Valley, and these again better than most of the soils in the 

'»nion section. 



roirri:) irico i-.xT'KiirMi-'.xT :^'I:ati(i:»<' 



LOCATION OF THE xN'UBSERY 



In sel<H*tiii«i" a Icicntioii foi; the iiiir.sci'V" llic water yiq^plr j-lioi 
receive lirnt (:oiis--iiler«tioii. An abiiinlatit ^^n|)[>lv .-lioiild be availjii 
mid overlii'Hcl iiTipiticjri is \'Ct'y ciesir<il)le, Prepuratioii of tin' ■ 
^iliould ben-ill about a vear before planting iy done. Tb,e soil .<h>j-. 
be dA^^e^plv jjloweil and liaiTowed and tlieii planted witli a leL'"iinii)a 
ei-op. ^'fliis sboiild be phmcil under wb,en 'it ba.s liillj developed ;,> 
left for about tlu'ei,' luondis to disiiiteiffiite.. Durini*' tbis pei'ifHl i 
Hoil slioiild be Iiarrowt'd frec|Tii'ntl? and any jjfi'owlli of T'stra «o^ 
(Fafikum bm'bkwde)^ or niaiojillo as ii is lociilly eall-'d, rfioiild 









TKKK STOCKS AMI} THEIR IIIINTIFICATIOM 

In all <'ilry^'-e■l■^»win_ll■ eountri(-.K opinion differs i-ei^arddiff tbe 
of root stock' to' be nsod. This is naiiiral in view of the fact llwl 
[jrolxlcin is rotn|di('!ited. In Nfiidying the stocky in, the ripjer t:r 
it 'wa^s foLn:nl that tliev eonsisled of lemon (li,L^. 1), sour orant'e 
2), cultivated <ii'apefrnit, and soane so-called native or wild e''' 
fruit. The)' a" re iivrnxms. in a I! ilje different types oC soil :u^ 
some of the groves in adjoining rows. 

Sira'e bhe jliflereiil, stocks eoiihJ riot be identified except by wi 
of the siirouts (fig. ?») v/hieh arise from below tlie bad ruiiort 
are seldom present, it became necessary to find a cbcniJcal ns-' 
permittin^g of readily differentiating «ine kbul from iirartlier. 
method ffaincl is simple enougb for planters to use. Tbe folh.^' 
directions will .serve, for field use: A pit>ce of root from a tree '■•' 



; I ;r I ■]:!•:; in: pnirro i;ici 



uf Kpr.)Trts emnmdnm frum liie sfofk k1m)ii!<1 h- nse.l ;is tlio ^t;^m^:^r<l 
itli wJiirh to !-oii)parr- t\w iirilciiowii. A jhc-c of tliis rool .should 




(■ ^Aumlil'lm'mlikd- Oii.., t'libic 'renti 



no oil hie rotititm'lr.!- 
icr of El o |ier leiit 
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ferric chloride solution should next be added. The mixture should 
then be poured into a measuring cylinder and thoroughly stirr«Ml, 
and water added to make 50 cubic centimeters. The color producHMJ 
by the ferric chloride when mixed with the root bark of sour orari<re 
is very black. With cultivated grapefruit it is much ligliter, ainl 
with native grapefruit it is still lighter, whereas with lemon prac- 
tically no color develops. 

The roots should preferably be taken from. trees that are growiiiir 
vigorously, as dormancy may interfere with rcjsults. When the color 
is not distinct enough, the folloAving laboratory, method may be satis- 
factorily used : Add a small portion of alumintim cream to the mix- 
ture and filter by means of vacuum. The depth of the color of the 
different solutions can then be determined in a colorimeter in com- 
parison with a standard solution of naringin to which ferric chloride 
has been added. Lemon shows practically i|p color change; nativ(* 
grapefruit has a color equaling 4 to 6 milligrams naringin in 50 cubic 
centimeters of water; cultivated grapefruit has a color equaling 6 
to 10 milligrams naringin, and sour orange has a color usually much 
deeper than 10 milligrams. 

The rough or goat lemon, locally known as limon de cabra, has been 
and still is used extensively for stock. Unfortunately the method of 
identification does not permit of differentiating between the different 
varieties of lemons, but growth characteristics indicate the probabk* 
use in some instances of a variety other than rough lemon. The vis- 
ible characters of trees which have been budded on lemon stock are 
(1) comparatively vigorous growth regardless of soil type, and (2) 
an uneven bud union, with the trunk usually enlarged below the 
union. (Fig. 4, A.) Frequently the enlargement is visible on trees 
5 to 10 years old ; after that time it may be obliterated. Trees having 
received little cultivation and small amounts of fertilizer up to 10 
years of age may not show enlargement. (Fig. 4, B.) On the other 
hand, grapefruit trees on lemon stock may be decidedly constricted 
below the bud union, a condition which would indicate the probable 
use of some variety less vigorous than the rough lemon. 

The sour orange {Citrms aurantium)^ commonly called naranja in 
Porto Eico, was used considerably as budding stock 25 years ago, and 
trees budded on it can be found in most of the older groves. Trees 
on sour-orange stock usually are (1) smaller than those on lemon or 
grapefruit stock, and (2) where grapefruit was used, constricted b^'- 
low the bud union. (Fig. 5, A.) In one grove having a loose, fri- 
able loam soil, trees 25 to 28 years old on lemon and sour-orauiZ^^ 
stocks were found to be of practically the same size. In another 
grove having an extremely light sandy soil, 25-year-old trees on sour- 
orange stock were dwarf in comparison with those on lemon sten k- 
I'he same was observed in several groves having an extremely h( aW. 
poorly aerated soil. Constriction below the bud union deveN^F 
especially when the trees are well cultivated and fertilized, ^yit'i 
no cultivation and scant fertilization, the growth is slow, and tin lop 
may develop no faster than the stock. When sweet orange is bu* led 
on sour-orange stock, the bud union usually is smooth, and con-^ J^- 
tion does not develop. 
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/l|)p}jreiit'ly grapefriiit waB not lined for ntOfk in iIh» islaTiiF.s first 
viVi-iTie^, and pcrliu|)rH none of the trees of the early intrtidiietioii 
■(nil Florida were buckhHl on fjiTapefniit st<N.-k. 'lliat. jt soon be- 
iine popular is attested liv die fact liiat mairv of ilic «TJipefriiit 
■ve^ in 20"Vear~ohl px)ves*are hiiddi-d on »i:rapefruit Htoek. Field 
iHJies did not sliow that grapefruit lian been, used as; a l)ijddiiig 
(K'k for orange. _ 

Sfnii(> jejirs after ffra|)efriiit began to be exteiisivcl? wsed as a 
..ek. a. few gr(»wers'sta!te'(i to ii^i the seedljng or so-calh^fl native 
■Tipefrnit. No dilferenees eonid l)e delected between the trees 
uhMl on iliis and other gra|M' fruit stiH'k: in t^wo sniall gnrres. 12 to 
i yeai's olcb whir-h were ob>erveih The gi-owtb of tlie seedling tree 
iilieates that it may prove to be a desiraljk' stoek. In acklition to 
■H\iiig vigor and h«n,dtli. it i> immune to srab. (frapofrnit when 




!''d on grapefruit stue'k and grown in good sod is obaraeieriKed 
b) \ugrjroris growth and hii'go size. indisliTigiiihhidjIe from Irees 
^•i'fl mi l(!mon stock, and (2) a srnootli bud unieai aiul ii truidc 
■Si IS sebkau eonstrietcd below tin" nniou bJce tbe soi.rr orange oi' 
'fefl lilif! the lemon. 

^ ;i result of oiwervalions nunle in many groves, it is eoitebuk'd 
'kf reuigli lemon may be used as sroi'k fea' iiolii (jrang,,* }iri,| gra|)e-^^ 
^ It luay bi' planted in any soil tiuit is suital»b' for oiirus'tn'ow-^ 
'■'"Jd^ is preferabk^ !o oth,ef stocks in extrena-ly bgbt -iindv ami 
"■y impervious soils. The Jndu'ations are tlia'l tina* of frnibing 
'a^» eonlrolleel more readily with trees buikknl on Fmon stork 
on^ sour-oi'ange sloek Trees wfn(;b are budded on lena)n sloek 
y-dd, to be more likely to pro(ba'(; coarse fruit tlum are^ tliose 
t'fd on tla^' other sleeks. Ti'ds was not found lo be the ease, but, 
'w in a more exteusii^-e studv when juore friiii is avaibible. Tlie, 
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longevity of trees which are budded on lemon stock is said to be less 
than that of those budded on the other stocks, but this fact was not 
established. 

Lemon is said to be more severely attacked by foot rot than i> 
grapefruit, whereas the sour-orange stock is reputed to be practiealh 
immune. This fact coidd not be substantiated in field studies y. 
cause all the older trees were budded too low to permit of learning 
wliether gumming started in the stock or in the bud. In most of t\\v 
groves gumming of various kinds is as prevalent on trees budded on 
sour-orange stock as on those budded on lemon stock, althougli in 
one grove those budded on lemon stock were found to be the most 
affected. 

The sour orange may be used as stock for sweet orange, but is 
less desirable for grapefruit than is grapefruit stock. The sour 
orange may be planted in any good grade of loose loam, but should 
never be planted in extremely light or in extremely heavy soils. 

The sweet orange as a stock has not received a thorough trial in 
Porto liico, and may be worthy of consideration. Tlie growth of tlie 
seedling tree in all types of soil indicates that it may prove to be a 
desirable stock, at least for the orange. 

The grapefruit may be used as stock for grapefruit, and un- 
doubtedly for orange as well, although it has not been used for the 
latter in Porto Rico. It may be planted on any fair grade of soil. 
but does not thrive as well as the I'ough lemon in very light sand or 
in very heavy clay. 

PROPAGATION 

SELECTION OF SEED 

In commercial citrus growing the foundation of the tree is the seed. 
The seedling is planted either for the purpose of producing tVinl 
as such, or for use as stock. Seedling trees may produce desiral)le 
fruit in abundance, as is well illustrated by the thousands of seed 
ling orange trees grown in Porto Rico. The fruit is variable, how- 
ever, and therefore not so valuable as that from budded trees. Th<' 
difference in value may be too small to warrant the planting ()t 
budded trees in coffee plantations, especially where cultivation oilier 
than weeding is impracticable. In cultivated groves, on the otlm' 
liand, wdiere intensive culture is practiced, the cost is too great to 
risk the planting of seedlings. The seed should be carefully seleeteo 
regardless of whether the seedlings are wanted for fruit or for list' a>^ 
stock. Seed selection always pays notwithstanding the fact thai tlu' 
seedlings do not always reproduce the desirable characters of tlie 
parent tree. 

If the seedling is to serve as stock, the selection may be ^'J^' 
fined to tree characters only, in wdiich case the primary re.; ne- 
ments of the motlier tree are vigor and size. Health may veil 
be considered also and perhaps shape, but prolificacy and 'i^|^ 
characters are immaterial factors. If, on the other hand, the *'*' 
ling tree is to bear fruit, the mother tree must be selectecl fo? '^'^ 
as well as for tree characters. The tree must be large, vin '^^• 
well shaped, healthy, prolific, and i)roduce fruit of such color, M^^' 
and quality as the market demands. 
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After tlie tree lia^ lioeri f^eleeted all fniit lielow inediiiiii Fize slioiihl 
■!;• <liHcar<lcci IVikewi>!e, after the .^eed l^is been removed from the 
</isit, the ahrioriiiaJly wiiiaJ! ones shoidd l)e (hsearided. 'Yhiyi iri;-i\' be 
■/eoiiiplislied purtly by wa.^hiiig tJif pulji away iVoni the <-eed. when 
he very light one;- Hoat off, anti partly by hand piekincr. After 
i;t\iijfi: heeii eleaiied tJse seed may be djp|)ed^ in any of the orjrrinio 
iH'renry preparalions whieii are stdil e^|ieetally for j^-xaal dj^iirfee^ 
roii. The seeti umy 'be phrnted witlnwt Iniviiie- been dried. Dr it 
lesy be di'ied di a druCty but F^Jnnly plare and stored in a ihjht eoir- 
aiie-r for nrme time ate I tb*'n planted. It sboidd, yircd'ersibly 1)0 
■ iiOited^ imniedialely ■\vhen iiossihie, liowevoi'. 



Ill Porto Rico, whero ih»' nor.-erii^; are f>omparatirely smalL ^'eiini^ 
Aim bei\os ^ihould bo n>ed in iirefereniH* lo need Ijed.-. Tiie Ixixes 
V be of aiiv eonvenioiif sixe, but ^londd mM ho !e-^ ib.an fi inobes 




^f. Holes (Hiedndf to 1 incli in ihimiott>r sbonhJ be mash^ id)Ool; 
•i'/he> apart in I'ho bottom (d' the bjxes io provide for draina«ri\ 
i; boxes Khonhl [O'eferahly be platvd un raeks of eoiivenie'nt heif4il; 
1 be jiartly shaded- An open shed wbli hoxt^s |)laeed near the 
i'> will atho'd a. sniiablo local ion, or a frame bnvie.if u crove-i-iioi: 
dais so spaefal as io jirovide Inil f shade niav bo rr^od. Pioi-»'s 
<-n</k rdandd be pho'od 'ovca- llie drain holo^ and the I.oxo^. hllod 
b s'dJ Io ;i deiith of d jfadn^s. Any kind o.f >od that is not. too 
= \'Y may be usr-d, aItboii^ri» prirc* Bari'.l is rmsKiiabh,' aiel loorh 
-laio nnitior is mitlesii-alde for the rsaison ibat b^ niav liarbor 
mao£fo>iT funiii. A friable snbsuil may be n^ed benoro. it is 
iely sit>fih«. (bmiyM^i'eial fertilizer eorisistiiig of ioorgaoii; nojiior 
"■dd be a|iplied and ini^'ed with lln^- ''Pper kiyer of soil; a.boiit 
eio'ice per square foot of a 4 S 8 mixture will do. The s.-mi bo.l 
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will then be comparatively free from damping-off fungi, growth will 
be rapid, and the plants stocky. (Fig. 7.) The seed should l)e 
scattered on top of the soil at the rate of about four per square 
inch and covered with a thin layer of soil. This in turn should 
be topped with a thin layer of fine coconut fiber. The soil should 
be kept constantly moist until the plants are ready for transplanting. 

If fresh seeds are planted the resulting seedlings will be large 
enough for removal into other boxes in three months. All seedlings 
below medium size should be discarded. The young plants should 
be set one-half inch apart in boxes containing 8 inches of prefer- 
ably a rich loam soil. They may be left in the boxes for six 
months, during which time they will require less attention than 
would similar plants in the nursery. 

In the nursery the seedlings ma}^ be planted 12 inches apart in 
rows 3I/2 to 4 feet apart. When the soil is clayey the plants should 
be set at least 18 inches apart in the row to permit of removing a 
ball of earth with the tree in transplanting. Preparatory to the 
removal of the plants from the propagating boxes a shovel should 
be run along the bottom to loosen the earth. After this they can 
be taken up with less likelihood of breaking the roots. All under- 
sized plants should again be discarded. It is a good practice to 
remove only a few trees at a time, dip the roots in a slurry consist- 
ing of clay and cow dung, and place them in a covered basket from 
Avhich they can readily be removed for transplanting. Holes large 
enough to accommodate all the roots without cramping should be 
made in a straight line across the field. The plants should then be 
set and the soil firmed around the roots. Water should be applied 
immediately. 

After planting is done the soil should be kept constantly moist, 
mellow, and fertile. It is well to use fertilizers two weeks aftcM 
planting and then at intervals of two months; applications of 1 
ovmce per plant of about a 4-6-6 mixture will produce stocky plants 
which should be ready to bud in about 12 months from seed. 

BUD SELECTION 

In bud selection the main points for consideration are the tree 
and the fruit. The tree should have a branching habit w^ith a 
spread as great as, or greater than, the height. It should be large 
in order that the bearing area may be large, and free from imperf< (* 
tions that may be attributed to inheritance. The fruit produced 
should be large and evenly distributed and advantageously place* I 
Grapefruit, for example, should hang singly, or nearly so, rather 
than in large clusters. 

The most essential points to be considered in regard to fruit nrv 
time and degree of maturity, form, size, weight in proportion i<* 
size, color and smoothness of rind, thickness of rind, flavor and ceui 
sistency of pulp, number of seeds, fiber and number of sections, and 
finally uniformity of all these points in a large number of frw^" 
Special attention should be paid to uniformity of characters. 'I ^i' 
fruit from a certain tree may be generally desirable, but wdien in ;' 
vidual specimens differ much in regard to any one character t; *' 
indications are that the character is not stable and may not • *' 
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Hiiiformly transmitted tliroiigli tlie biiil. The fruit from some psir- 
'iinrliir braneli may prove to be inore de^'^irable lliuii that from tho 
riher brmiehes on the huuiq tree, in whieli ease tlie 'buds? hhonlel be 
inken innn the one braneb only. Of course tlie recorils for one 
\'ear will not be a^^ reliable as data, eoveriop: a period of a.t least five 
\;eai's. llicre ai'o many tree recoi'ds ikhv (m tiie island, and a ooiir^ 
piirison of them nuiy yield vabiuble data k^adinp to the estabbsli- 
luent "f a, formdatioti for foturi? work. Pbinters v.dio have not yet 
a{b'>j)ted the system of indexing tbeir trees intlividiially slioiild do 
Ml at oiiee. They witl sooo learn of tbe benefits to be (lerive<l from 
-iii'li a system ami the importance of selceiiiig bnd wood ii'oni trees 
whose records bave been kept 
for a riiiinb«:'r of years. Two 
rnrmbers slioiild be paiiitcrl on 
each tree, one to indicate tfie 
row and the oilier tlie nurrd)er 
ef the tree in the row. 



In bud selection tlie c'row'er 

ii?.aally jiid*ies the desirability 

of bhe' fruit 'without reo'ard to 

^vei|£lit, m(!aswrenients, or oilier 

accurate tests, wbicli is unsatis- 
factory. Tlie acidity may be 

d.etermined by titration and tiic 

total solids by means of a 

hydrometi'F, tlie metliods at 

determining which are well 

known to most |)lanters. The 

wcia'ht should preferal:)ly be 

i--ceiiained b_Y means ol scales 

dial are correct to witliiii llie 

b^Jiiit of 1 gram. 'J1ie e.xact 

■dze may be ascertained by 

'■Hcriirs of a container sbowii in 

bijinre 8. The container is 

!dl(>d with water until a few 

drops escape from the s|)onl, 

;>vi;en the measnriiig cylinder 

■} set under tlie spontl The *"" "''tmiMMug"™^^ 

''''(dt is iiiiinei'sed in the water 

■^ed is hehl (k)wn by means of the |)oint t)l' a nail. Idle miiiiber of 

■' 'i';tdiieters of water osoaj^fmg from the coutairiei- may be, learned 

■'''■".•i the cylinder an«l imiicate bhe volume corresponding with thai 

''' die frn,it. Tb(> weight in grams, formerl;? aseerlairieiL divided by 
■"_ volume in centiiiK'icrs will give the density, the vaj'iations of 
"'iich, are governed mainly liy tlio thickness of the rind. An r>rauge 

' '■^'itig a density nmch below 1 has a verv thick rind,, jy.ilging from 
■''■*o Ilican standards, and u grapefruit having a deio-ity below 
"•'» lias a thick rintl. it is well to peel tlie fruit and wiugh the rind. 
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lifiicerote 11m» pulp nml squeeze the juice cnit ibrcnigli a piece cif iiiurI! 
and i\'cigli the two separately. A tabula lion of tlie data obtnire: 
in this maimer will riehl vahiable iiiformjition. 



The imrscry trees are ready to bud when tliey are brrge enough, i 
G iiielies from tlic ground,, to hoi el a bud. About 6 inches m li 
proper height to insert; the^ biui; by ljo(id,ing lower the tree nj; 
become iuereasingly susceptibh* to foot rot. and liiiddiug higher 
of 110 adfaiilage. 

The o|:)eratioB of bwiiJing is familiar to most growers. Tlie nui: 
poinks to be rememlierecl are that the knife must be sharp, and t! 
laid must be eui at a sbmt from the base to the tip of the knife bbii 
in oriJer tliat the wood may not sjjlit. (Fig. 9.) Adhesive bm 
diog tape wliich readily sb,eds waiter sbi>i]i(i he n^ed instead < 




twine in wrapping the buds. The wrapping is usually partly » 
moved a week or 10 days after the oi>eration, ami tbe bud if ali 
will be reaciy for forcing a few days later. Forcing consists 
girdling the stock 2 or 3 inches above the bud, or cutting ^the slc^ 
partly otf and lopping tlie top over. Home growers i)rcfer to v. 
tlie stock partly off and lop the top and others prefer to sever^^i 
mdiole stock a few inclies above the laid, llie whole stock sboidn 
rcjTioved only when thi^. seedling is growing vigorously, howe.vec, = 
sxnm. as the bud stalls growth it should be" fastened lo a stake phe- 
besides each tree. Fl'ec|ueni tying is needed to^ insure straight gj-c'v. • 
After two or three months the stock' should be ent off smood;-: 
slanting from the bud downwaril. All tbest^ tletails are very i; 
portant. As a result of their having Ix^en neglected in the j>asr, iir^ 
of the nursery trees on, tbe island ai'e undesirable. Giren pr«y 
a.tteiition as regards irriga,tion, euUivation, fertilization, aud all «•'■ 
details, a lirst-ckn^s buflded tree may he produced, in less than;-' 
vea,rs from seed. Abnormally small or defective trees s-hoid,*^ 
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discarded in the nursery. The trees may be transplanted when they 
are 3 feet high. Old, overgrown nursery trees are not as desirable 
as young, vigorous ones. About two months before transplanting is 
done, watering and cultivation of the nursery should be discontinued 
in order to allow the young growth to mature. Frequently the 
weather is rainy and growth continues, in which case transplanting 
can be done without loss of the immature growth. 

PREPARATION OF THE FIELD 

The present-day field practice is based upon the experience gained 
during the first few years of commercial citrus growing in Porto 
Eico. Some of the growers who have come to the island within the 
past 15 years are prone to deviate from this practice, and others 
who are starting to plant now are not always convinced that it is 
right under all conditions. Nevertheless, with some minor changes, 
the earlier practice will continue to prevail because, as was shown by 
the data collected in field studies, it is built upon correct premises. 

The two principal facts to be borne in mind are that (1) the trees 
must be planted on mounds, and (2) wind protection must be pro- 
vided before planting is done. Preparation should therefore be 
started several months in advance of planting. The field should be 
measured off and stakes placed where the trees are to be planted. 
Usually the trees are planted at distances of 25 or 30 feet each way. 
The latter distance is not too great to accommodate grapefruit trees 
after they reach the age of about 20 years, but until that time 25 by 25 
feet is sufficient, and budded orange trees do not usually need more 
room at any age. Planting 25 by 25 feet will permit of the growing 
of 69 or 70 trees to the acre. A mound of soil with a diameter of 
4 to 6 feet is usually built up around each stake to a height of 18 
inches or more, and the trees are planted on top of these to safeguard 
them from foot rot. On heavy soil where the water table is high 
the following practice is recommended for trial : Plow as deep as is 
practicable and follow the plow with a subsoil breaker. Make the 
beds to extend across the slope of the land, and use each line of 
Htakes as the center of a bed. This may be done most economically 
by using a road scraper, proceeding in the same manner as when 
building a road. If this practice is followed the size of the mounds 
can be greatly lessened. 

WINDBREAKS 

Protection against wind may be provided by planting annuals or 
^'iennials broadcast in the field, and tall-growing perennials in strips 
Ht suitable intervals so that they will cross the field at a right angle 
^;> the prevailing wind direction. Leguminous plants are desirable 
b)r planting in the field because they supply the soil with nitrogen. 
^ he crotalarias make efficient windbreaks, and especially Crotalofria 
J'^j}<^ea because of its tall growth. The pigeon pea or gandul 
{''ajanus irhdicus) is perhaps the second choice among the legumes 
«'hliough TepJwosia Candida seems to be equally desirable. The 
aallito {Agati grandiftora) grows well wherever the soil is not too 
^■^y, and is an excellent nitrogen gatherer. (Fig. 10.) The seeds 
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may be sown thinly or broadcast, and the trees will develop similarly 
to annuals. If they are planted 2 to 3 feet apart these trees will 
attain good size and serve as windbreaks as long as they are needed. 
The main drawback is the poor wind resistance of the gallito, which 
may result in damage to the citrus trees during heavy winds. 

Several nonleguminous crops may also be used as windbreaks in 
Porto Rico. Sugarcane makes a desirable windbreak in places where 
the crop can be disposed of at a profit. (Fig. 11.) The banana is 
another economic plant that may be used for wind protection 
wherever the soil moisture is ample for the development of later 
crops. Corn is not as extensively used as it might be, at least during 
the first year. A combination ot either corn or sunflowers and climb- 
ing peas or beans is desirable. Pigeon peas, planted thinly so as to 
produce stout plants, will provide a good support for velvetbeans, 
and afford one of the best combinations both for Avind protection and 
for soil improvement. The latter factor is very important. The soils 
of citrus groves in Porto Eico can all be greatly improved by the 
addition of humus, which must be added while the trees are small 
enough to allow crops to be grown in the grove. 

For permanent windbreaks the bamboo has been used extensively. 
It is objectionable because citrus trees do not thrive in proximity to 
a bamboo hedge. A bamboo windbreak, therefore, entails the loss 
of two or three rows of citrus trees but is a fairly good insurance 
against heavy winds. Most of the tall tropical trees are too slow 
P'owing for use as windbreaks, and they are usually less wind re- 
sistant than the citrus trees. The so-called Australian pine {Casua- 
rina equisetifolih) is promising for the purpose since hedges of it 
and isolated trees generally withstood the hurricane of September. 
1928. (Fig. 12.) 

PLANTING AND CULTIVATION 

The method of planting citrus trees with a ball of earth surround- 
ing the roots is especially desirable where nursery trees are not 
shipped long distances. Young, vigorous trees taken up witli a ball 
of earth survive the shock of transplanting without the loss of foliage 
and with very little loss of roots. If the trees are not removed with 
a ball of earth adhering to the roots, all the leaves should be cut off, 
t^se branches should be cut back to within a few inches of the trunk, 
and a portion of the longest root and all broken ends should be 
pruned off. Immediately after the roots are pruned they should be 
*^^ipi)ed in a thin slurry consisting of clay and coav dung and wrapped 
^n wet sacking. The trees should then be kept in a shady place until 
^J'ey are wanted for planting. The method of planting on top of a 
^^^^nmd involves the difficulty of conserving the soil moisture. The 
j^ rounds should, therefore, be mulched with trash cut in the field, or 
^*'^»ught from without, if necessary. (Fig, 13.) The soil surround- 
'j^^i the tree should be well watered at the time planting is done, and 
^^^en often enough to maintain a high soil-moisture content until root 
^nowth is well advanced. An examination of transplanted trees 
^^ ually shows that on young vigorous trees with thin roots the root 
"* 'Js heal over in a few months and new roots form rapidly enough 
^^\ upport the leaf growth; and, on the other hand, that on old trees 
^' 'H dormant and thick roots the root scars do not heal quickly. 
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Deejij may >rl i» belorc tlu* scars heal, foiitiriui' iiitr) the trunk, a?Kl 
v'veTrt'iirtlly euiisi' the ihnih of tlie tree. The nn*t growth of Kurli trees 
i> iVec{iieiitI)' t(M) slnw to [M'rirht- the sap 14) nKwii ihe h»aves ni.picllv 
t'lioitffh lo prevent wiltiiitr, espeeiaJlv when the n'lr in dry tensl moving 
fast/ ' 

Thi' vjUiii= (,'f v;iie1 iiroieetioii for young trees is mainly thnt of 
in:iin,t;rtnjng n hnine.l iilinospln're. With the t-'heekJng of exeessive 
ijir intni'Mjen! the ii's'e ma\' <s»rvive imder comritioiis wliieh w<)ijh;l 
nuiki- growrli !mj;.oH-il)le witlirait wind |irnlei'liori. The <dn'<'kiii.»- of 
.■xce^srv" air le/e'-itunit al^.o i>rranotes the Ui'owi h of bi-iielieial fmigi. 




a> hot»«(l ni iin= iinnv^^ first plntileci oit I lie ishirel Most, of 
>> in lh.,-.e irr(ni:.s wej-e- severely attnekeil by I he piif/ple >e!ile. 
,vn< not ke|»! in (^lii-ek b}' hciiolieial fungi nnVil nfler wuu] pro-' 
u^av «',:tiild(slieil .Novvaihiys newly pJaiilerl Irt-es wliieli are 
he vxpuM'd do noi sidler from soah/'to' siirh an exti-nb boetoise 
enseal UiniiK t-p<Tially the roddieaded fungiiF (SpIi^H-o:<f?Ih.' 
o'.'-ip. -eem In ho :djle to nndntain Ihenisch'es rmder jwn'v nd- 

i-;>,o>s among Iho voiing teet's Ims neo^erthe'h-ss provi-d to l)e a 
:inirmh-;u and liVne^^saYino jiraciiee in the esfal.Jirdiiinail of 
d;inla^tion-\ Idnjca; lids praeliee ladtivalioii iJnring ilo' fir>.t 
sr- eon.-e-th in nkjv.'in.g nnder as soon as it nnttajreh eacfi crop of 
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plants gi'own for ivind |irotedioe and plaiitiiig atMitht'c as sooit 
thereaftt^'i* as possible. In establisliiiiir a iii-ove t1ic fii'st |)oiiit need- 
ing eoiK-icleraticm is the maintenance of siieli wiiiil proteetioii as vviis 
atftird the most :fnvoral:)le I'OiKlitioris f«!^ tree growth and eliiiiinaic 
the necessity of Kfir.i.yinj^, The secori.d point i« determining the l:«>! 
method of im|')roving ihe soil so that it will eonliiiue to suppiirr 
grow'tJi dnrjng the many years tlie ti'ees are ex|)ectcd to prodre/^' 
profit a We crops. 

Tlie only treatment required liy the trw rnouncls is thiit of keepiii*.: 
ilwm free from wee<ls and sufficiently well sirjiplied with trash t(> 
nifiintain a high degree of wiil mf)istore. Tht* soil will gradiiirllv 
hn'el <lcrwn and aftei* a few years will leave ilie trees \vith tl»-^ 




erowii roots entireJy e;i|)o,sed. (Figs. 14 and !."»,) Tliese roots .^le»u 
be carefulfv |Troteete(J frooi in;jiiry. No implement of an.y ki 
>hoiih.l be aihiwed in the proxiiuily of tlie trees, aticl weeding sle-i' 
be «1one by hand. Plows and luirrow^s may he nsefl 4 to <'*, i- 
from lh(» tree trimk. Ainnnil deep plowing is advis-a.ble, bnt ins 
iiiiih^iit plowdng is ina<lYisa.l>l(e If piowijig is deferreil for se\'''" 
i-tirs thii large' rfiotH within reacli of tlie pice;v ore likely t,o l)e ' 
and the tree nniy thus he serion^sly injiinsL 

'Pile time and iieeessity for eiiltivaliori and the kind of impleiii^ 
to he use<'l vary with fl:ic» dilferent local conditions. In one y<'',V'= 
ol«i grore wfiere the nieilinni heai-y clay soil is kei't moist v\ith v-^- 
from srrrnmnding springs, plowing and cultivation have not !- 
jiraeticcd since tlie tj-ees win'e ytemg. Para grans (PmiJ/timi '>'' 
'iijHle) g«)ws luxuriantly in the grove and is cut at interrols, Mvsi 
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it is left to serve as a mulch. This practice is not advisable where 
soi] moisture is not abundant at all times/ The general practice is to 
plow or to cultivate, or to do both, although in some heavily fertilized 
groves the soil seems to retain its moisture well under a luxuriant 
growth of Para grass. Disk plows pulled by tractors are being used 
.successfully, but the area that can be plowed naturally decreases 
with the spread of tree growth. In the older groves plowing is 
usually confined to two or three furrows in the spaces between the 
rows of trees. Disk or cutaway harrows are used almost entirely 
for cultivation. 

FERTILIZING 

A study of the practice followed locally in fertilizing citrus trees 
showed a lack of uniformity in the mixtures used, the quantities ap- 
plied, and the number and times of application. The quantities ap- 
plied differ greatly in the various groves, but applications are usually 
made in excess oi 50 pounds per tree annually. In some instances 
60 to 80 pounds are applied and in others 100 pounds annually are 
applied to each large bearing tree. Such large quantities may not 
always be necessary for maximum tree growth and fruit production, 
but the practice has undoubtedly much to recommend it, inasmuch 
as many growers seem to find it profitable. The number of applica- 
tions varies from two to three or more a year. Many growers apply 
half the fertilizer in November or early in December and the other 
half in June. Some who question the desirability of this practice 
apply fertilizer three to six times a year. The practice of making 
four to six applications seems to have nothing to recommend it, but 
three applications are undoubtedly preferable to two. An applica- 
tion in December has a tendencv to bring on bloom not later than 
February. However, since the fertility of the soil may not be suffi- 
cient for the development of the fruit, it may be well to make a 
second application about March 1 and a third application about 
June 1. 

For present purposes the question of fertilizing may be summa- 
rized as follows: With few exceptions the aim is to ship most of the 
crop before October. This can be done provided the bloom appears 
in January. Often it does not appear until toward the end of Feb- 
ruary, in which case the fruit has only six months or slightly more 
m which to develop. Such fruit is not usually very palatable, even 
though it may pass the Government maturity test, and can be im- 
proved in quality by being left on the tree six to eight weeks longer. 
In other words, the bloom should appear in early January in order 
that the fruit may have a chance to mature early in September. 

Although no infallible method is known at present for inducing 
the trees to bloom in early January, the following practice, if con- 
sistently employed from the time the trees are young, may produce 
tlie desired result. Apply fertilizer about December 1 and follow 
'vith plowing and cultivation. If a bloom is induced about the latter 
!>art of January or the first part of February, apply fertilizers again 
« he latter part of February and continue cultivation until about June 
^- Then apply fertilizers again and cease cultivation until the first 
^'f December. If the trees are far enough apart to permit growing 
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other plants, a cover crop may profitably ])e planted at the time 
cultivation ceases. 

In regard to the kind and amount of fertilizer to be used, the fol- 
lowing suggestions may be helpful: Suppose a planter has found 
by experience that it pays him to apply, say, 60 pounds per tree 
annually of a 6-8-10 mixture (3.6 pounds nitrogen, 4.8 pounds phos- 
phoric acid, and 6 pounds potash). Rather than divide the mixture 
into three equal parts, let him use 20 pounds of a 3-2-2, or 10 pounds 
of a 6-4-4 mixture in December^ 20 pounds of a 2-3-3, or 10 pounds 
of a 4-6-6 mixture in March, and 20 pounds of a 1-3-5, or 10 pounds 
of a 2-6-10 mixture in June. The reason for this suggestion is 
obvious. The aim is to have the fruit mature early and the tree 
attain as high a stage of dormancy as possible by early December; 
hence the minimum amount of nitrogen in the June application and 
cessation of cultivation during the summer. In December the aim 
is to break the dormancy of the trees as quickly as possible; hence 
the large amount of nitrogen in the application, followed by intensive 
cultivation. 

The following observation will serve to emphasize some of the 
problems in citrus fertilization. It was found during the past year 
that small trees in 25-gallon containers continued growth even when 
the soil nitrogen content was very low. It was also observed that 
wild trees produce considerable growth and fruit in soil contain- 
ing only small amounts of plant nutrients. This indicates that 
the citrus tree can supply its needs from very weak soil solutions. 
Field experience, on the other hand, seems to show tliat for quantity 
production and early maturity liberal amounts of fertilizers are 
necessary. 

In regard to methods of application, most growers apply the fer- 
tilizers broadcast in groves 6 years old or more. Some claim to 
get better results by applying it in a narrow band around the tree, 
about as far from the trunk as the spread of the branches. Others 
who are now irrigating apply the fertilizers entirely under the tree, 
in a space radiating from the trunk to the tips of the branches. 
The results obtained from these different methods will soon show 
which is the superior one. 

In regard to the kind ana amount of ingredients in a fertilizer 
mixture, variations might be made to meet soil requirements. In 
very light sandy soils, for instance, there is loss by leaching of some 
nitrogen and perhaps some potash, but probably not much phosphat«\ 
A great deal of phosphate may be found in the upper few inches 
of such soils at any time during the year. x\n accumulation ol 
phosphate under such conditions would seem to justify the use of 
fertilizers containing decreased amounts of the ingredient after : 
few years. 

In clay soils both phosphate and potash may accumulate, but tl^ 
phosphate is often present in a form that is not available to tit 
tree. Whenever leguminous cover crops are used as a source oi 
nitrogen the content of this ingredient in fertilizers may usual! 
be diminished. The amount to be applied can be partly determine^ 
by the appearance of the tree. Applied in excess of needs, nitrog*^ 
will cause the rind of the fruit to be coarse and thick. 
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INSECT AND DISEASE CONTROL 

In addition to gumming' and various decays of the roots, the 
trunk, and the l)ranches, the chief enemies of the citrus-fruit indus- 
try include scab, several species of scales, and the rust mite. The 
control measures used for these are not uniform. Some growers 
spray with Bordeaux mixture for scab, others spray with lime- 
sidphur, and still others follow^ the Bordeaux mixture with sulphur 
in the powdered form. Scale insects can usually be kept in check 
l)y means of beneficial fungi, provided that Bordeaux mixture is not 
used. The use of Bordeaux mixture entails the use of scale washes, 
and too much spraying is costly as well as harmful to the trees. 

A comparison of the efficiency of the different control measures 
used in the different groves for the past several years fails to show 
that one is superior to the other. It is generally agreed that Bor- 
deaux mixture is the most efficient remedy for scab, but some growers 
claim that practically as high a percentage of scab-free fruit can be 
had from the consistent use of lime-sulphur as from the use of 
Bordeaux mixture. This may be largely due to the fact that spray- 
ing can not be done as often and as efficiently as necessary. Dusting, 
being much the more rapid of the two methods, may overcome this 
difficulty, but it has not yet been in use long enough to warrant its 
recommendation. 

The use of Bordeaux mixture is objected to principally because 
it kills the scale parasitic fungi. Scale insects can be kept in check 
by spraying the trees with oil emulsion; yet it is not unusual to 
find groves in w^hich the trees as well as the fruit are very scaly. 
This may be due to ineffective spraying, or to poorly applied sprays, 
but usually it is due to neglecting to spray at the proper time. 
Such neglect is often inevitable, because even with a thorough 
equipment only a certain number of trees can be sprayed in two to 
three weeks, and during some seasons spraying must be repeated 
at two to three week intervals. 

Scab attacks the leaves and the fruit of the lemon, the sour orange, 
and some varieties of the grapefruit tree. The Triumph and the 
native grapefruit have so far been immune to scab, and the sweet 
orange is seldom attacked by it. Grapefruit leaves are seldom so 

verely attacked as to necessitate spraying. How^ever, it may become 
necessary at times to spray the nursery stock before budding is done 
unless, of course, the Triumph type is used for stock. When scab is 
^^('pt out of the nui'sery it may likewise with great care be kept out 
ot the isolated grove in which the scab-free trees are planted. When 
^* <d> does attack the young trees spraying should be deferred until 
^^H» fruit needs it. In fact, it is better to destroy the first year's crop, 
^vliich consists of a small amount of coarse fruit, than to spray for 
^ !'^ purpose of keeping it free from scab. When spraying is re- 
"'^^tled to for the second and succeeding crops the following points 
^^i*>uld be kept in mind: Spray (1) before the bloom appears in 
^'^der to cover all the foliage, (2) at the time the petals are falling, 
'','■' (^) often enough to keep every part of the tree covered until 
^^ '^ fruit is three-fourths to 1 inch in diameter. These directions 
'\['|>ly whether Bordeaux mixture or sulphur is used and whether 
^ '^ y are applied in the form of sprays or dust. After attaining a 
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diameter of about 1 inch grapefruit is not attacked by scab. In view 
of the fact that many trees have a habit of blooming over lonir 
periods, spraying for scab must be done almost continuously where 
attempt is made to keep all the fruit clean. 

The formula for Bordeaux mixture is usually 3-3-50. Some 
growers use commercial calcium caseinate as a spreader, whereas 
others use a paraffin oil-soap emulsion, the quantity of which varies 
according to the hardness of the water. 

After sprayings with Bordeaux mixture for scab have been dis- 
continued, sprayings with oil emulsions for scale should be begun 
and followed with sprayings for rust-mite control. Failure to spray 
for rust mite has resulted in the shipment of very little bright grape- 
fruit from Porto Kico. That which is called bright usually con- 
tains hundreds of rust-mite punctures. Sulphur is the best remedy 
for rust mite and does the least harm to the foliage and the fruit 
when applied dry. A dusting machine should be found in every 
large grove for covering the trees with sulphur after sprayings with 
oil have ceased. Only the pure sulphur should be used. 

Lime-sulphur (1 gallon, having a density of 32° Baume, to 30 
or 40 gallons of water) should be applied for scab control when tlie 
trees are the most dormant. When they are blooming the strength 
should be reduced (1 gallon to 60 or 75 gallons of water), and after 
the fruit has set and the foliage has matured the mixture should h} 
1 gallon to 40 or 50 gallons of water. Lime-sulphur, although a 
fungicide, does not entirely destroy beneficial fungi but does prob- 
ably injure them. It is also used as an insecticide against the various 
scales, and when used frequently enough is effective against the rust 
mite. In the powdered form sulphur can be applied more cheaply 
and more frequently. 

The most common root diseases observed in field studies appar- 
ently are the results of cutting the large roots. Injured roots are 
the rule rather than the exception in cultivated groves, and it is 
readily apparent that if infection took place as the result of every 
injury the root system would be continually diseased. One form of 
root disease which attacks trees growing in certain areas and spreads 
from one tree to another is not caused by root injin*y. This disease 
has been studied by the pathologist of the station for the past two 
years, but the causal organism has not as yet been found. Fortu- 
nately the disease is not very prevalent. 

Foot rot appears on the crown roots and lower part of the trunk 
and causes heavy losses in most of the groves. (Fig. 16.) Obsi i~ 
vations indicate that the disease can be prevented by planting 
the trees on mounds so as to expose the crown roots to the air. 
Such roots are not attacked, but may readily become infected aftei' 
they are injured; hence the practice of planting on mounds involves 
a strict adherence to the rule of keeping all cultivation away froni 
the tree. In some of the old groves diseased trees have been saved 
by" removing the soil from immediately around tlie trunk to exi)o^>«^ 
the crown roots. This practice, however, is successful in sandy soii- 
only; the water accumidating in the excavation during rainy weatbei 
w^ould be fatal to trees in clay soil. On land having a gentle sl()|> 
the excavations could probably^ be advantageously connected with 
drainage ditches. 
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Kebiulditig wlii(-Ii iviis dom- jctir^^^ up. has been tlic ert.i..e of riiiU'Ji 
n'oublf, 'llw Inr^v trunks were iiol ttlwiiVH |»J'<>pi*J'lj ''lU iiin! the 
..^r.'irs |>r<i|)ei'ly r«)ve!'e-d ; ;is a result llie rrees Bisiftcel to* rot aiul eouU'l 
i;e Kjiretl oiilv by iDertiis of tree; siirmTV. 11iis e-fujBJsts jii reirmviiig 
i.ll ik'tiil wood \md lillnig" tbj> (;a\-iiv wirh Hriiiie iiniterbil >.\u'h ns 
l^'ortbiiid cenieiil. IVineirt is i»)l jilwayn ssitibfaclor)-, bee:iii>e it 
ii-:nally' slii'iiiks iiwny from tlie >]i\es of tbe cavity. (Iiiec water «i-eis 
heiweeii tbe c«'nieiit siriel ilie tissue I lie deenj ]>roeeeil> more rji.pully 
tluiti ever. Asjjhuli hits irJveii heller re:-iilts.' thirii eeiiient, but is f^iitis- 
beiory only ivberi^ iiwhI by skilled worbiiien. Tlie e:U'itieH louy mIso 
iie left open provided tb<>y are well eb'iioed oiif, waterproofed, iiiul 
dr, '110 eel 

Soioe ii'rowers pkiii tiiree or ixmr seetlbri*rs aroiuid tm obi elis- 
••used trt . ■ ■ ■ ■ - ■ ^ : : ' ■■ ■■■ ■ tliis treat- 
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■'''•it. Jiod tbe tfiviDji- of jiro|;ier atferrtioii to wouihI>, tbe. life of tliC 
';'" miiy be proloiyuxub lYoijiids shoiibl jdways be Lreaiefl with 
•'>'"=''deyijx |)asLe, or some lYOod pi'esei-vative thot will not injiire the 
;'^'; tsBsue. Of bib^ years «;jes tar lois been ti:-:ed l)y iroiiiy i^i'owers. 
'/ ''■■■ not ahvajs siiitabU', but tfie ffrode ])rrMbiei»(rarid sobi in 8:ee 
"■';'» does not seem to injure tlic lire tissue erf tbe free. In etioosiije: 
' -oil ml finessing it is well to keeyj in nbnil tlie fact; that; siieb toaie- 
'y'^-i as lb)rdeaux paste and otbei* siriiibir niitisepties do not niakt^ 
^'^ wound, watei' and air tigdjt. They nnist be fcdhiwed by an appli- 
'•^'jn i)f t<i.r. aspliair, or sonic other preparation that will form a 
" i}}'''^' permanent seal, 

'Villier tip or d,ie4)aek of tbe small brandies eanses eonsiderahb,> 
;'"^ oi some <rl' the <iToveH. Like the various */m(i diseases af ihe 
'' ''^'k. witlier tjj) i> assoeiated wiifi 1iin|fi. 'Losses from it are small 
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unless the trees are suffer inc: also from a lack of moisture or nutri< 
tion. The remedy is, of course, to keep the tree growing, which is 
not always possible because of climatic conditions. The tree, there- 
fore, must be constantly watched and the dead tips and branches 
pruned off at the termination of a dormant period. New growth 
may start from the live tissue, and the dead parts may drop, but 
very frequently the decay continues unless the dead tissue is removed 
by pruning. Wounds following the removal of branches one-fourth 
inch in diameter or over should be dressed. 

Two decays cause appreciable damage to citrus fruit in Porto 
Rico after it is picked. One decay is due to the blue mold {PenicU- 
liwm italicvmi) and sometimes to the green mold (P. diffitatwii). 
These fungi do not usually enter the rind of the fruit unless it has 
been bruised or mechanically injured and do not seriously attack 
grapefruit because the rind does not bruise readily. They are a 
very serious pest of oranges having a thin rind, especially oranges 
grown in the mountain districts. The avoidance of bruises is not 
always possible under local conditions, and dipping bruised fruit in a 
borax or sodium bicarbonate solution is not very advantageous. 
Even cooling to a temperature of 40° F, or below does not prevent 
bruised fruit from decaying. The method suggesting itself for 
stabilizing the mountain-orange industry is that of handling with- 
out bruising, whenever that is possible, and precooling and shippin<r 
under refrigeration. The oranges of the mountain districts are of 
fine quality and can be grown cheaply and should therefore be 
entered on the market in competition with oranges from elsewhere. 

The other decay is the so-called stem-end rot caused by the fimgiis 
Diplodm natal ensis^ which results in great loss to grapefruit growers 
in Porto Rico. Like the Penicillium fungi, the Diplodia fungus 
do€S not usually enter the rind of fruit unless it has been bruised. 
Since it is usually found about the stem the name stem-end rot has 
been given to it. The fungus may enter through the stem end before 
the fruit is picked, in which case it almost invariabty drops soon after. 
Usually very little fruit drops because of Diplodia infection in Porto 
Rico. After the fruit is picked the fungus enters through the stem 
scar or through the stem cavity after the button loosens. The latter 
is the usual mode of entrance because the space under the calyx a) 
ways harbors dirt and fungus spores. Two remedies have been tricnl 
to control stem-end rot in Porto Rico. One consists in disinfect ir)ir 
and sealing with shellac the cut end of the stem at the time the fruil 
is picked, but it did not prove to be efficient for the reason that re<|>i^ 
ration of the fruit is very high in the usual air temperature in Porio 
Rico. When respiration is vigorous the gas exchange is very iniu h 
greater through the stem end than through any part of the rini* 
consequently sealing does not endure and infection readily takes pi;?/ <' 
once the seal is broken. The other remed}^ tried consists in removinii 
the button and sealing the stem cavity, but tliat has not been fonn I 
successful locally, at least not with the earlv fruit. In removin<i' 1 n* 
button from fruit that is not thoroughly mature the rind is torn (h n 
great many specimens, and infection follows. 

Diplodia will be much less of a problem in the future since prec* ^^ 
ing and a more efficient refrigeration are now available on ' i ' 
steamers. 
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HARVESTING AND HANDLING 

The work of harvesting and handling the fruit in Porto Rico 
is better systematized than any other part of the industry. The fruit 
is picked by means of clippers, and generally it is- carefully handled. 
It is transported from the field to the packing house in field crates, of 
which several suitable kinds are to be found on the market. Most of 
the packing houses are equipped with standard machinery, and use 
standard methods throughout. Packing-house problems awaiting 
solution include coloring, cleaning and grading, and decay. 

Coloring the fruit artificially is necessary early in the season be- 
cause citrus fruit does not change color from green to yellow as soon 
as it reaches the stage of maturity at which it is edible. Coloring is 
induced by keeping the freshly picked fruit in an air-tight compart- 
ment for varying lengths of time, at varying temperatures, and with 
varying amounts of ethylene. Variations in the above-mentioned 
factors are due to variations in the coloring quality of the fruit. 
These have been studied by the writer for many years, and some of 
them may profitably be discussed at this time. 

One set of variations is due to differences in dormancy of the rind 
tissue. Starvation of the tree or prolonged drought causes the rind 
of immature fruit to turn yellow, after which irrigation and fertili- 
zation with nitrogen may cause it to turn green again. Fruit which 
has turned partly yellow because of tree dormancy is readily colored 
by means of ethylene even when very immature ; whereas fruit which 
has again turned green because of renewed growth is very difficult to 
color by any method. This helps to prove that the trees should not 
be fertilized and cultivated later than about June 1 if they are to 
produce marketable fruit in September. Of course adverse weather 
conditions may upset all calculations, and some trees may remain in 
a vigorous condition long after others have become dormant. The 
desirable state of dormancy or colorability of the rind can be deter- 
mined by measiu-ing the catalase content. This has not as yet been 
correlated with the amount of gas needed nor with other coloring- 
room conditions. 

Kind blemishes and covering of various kinds cause differences in 
colorability. For example, the rind of fruit which is attacked by 
>^('ab can not readily be colored artificially, probably because of a 
j'liange in the surface tissue which practically inhibits respiration, 
ilie effect of the purple scale (Lepidosmphes heekii) is similar to 
iiiut of scab. Fruit which is infested with scale may color perfectly 
^vlieu left to mature on tlie tree. However, when the fruit is picked 
,ui(*en and colored artificially the spots underneath and immediately 
urrounding the live scale will be found to remain green and the 
: f^'^'n spots to contain more catalase than the surrounding tissue. 
^ lie rufus scale {Selan<ispidus articulatus) produces the very 

* i)posite effect. The spots covered by it are light yellow long before 
'^:<' fruit reaches maturity, and the colorability of the intermediate 

• nd is not affected. Fruit that has been sprayed with oil emulsions 
oitly before it is picked is not readily colored by ethylene, prob- 
'Jy because of the oily covering which inhibits respiration. The 
^ue effect is produced by any covering which leaves a thin film 
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on the rind. Coloring is greatly retarded by washing the fruit in 
soapy water, or by running it over the polishing brushes, during 
which process some of the oil cells in the rind may be ruptured. 

Before it is packed the fruit is soaked in w^ater usually containing 
some detergent, after which the extraneous matter is removed by 
brushing machines. The surface of the rind is often covered with 
various scales and scale-destroying fungi and also wdth dust and 
spray residues. This covering when dense is very hard to remove. 
Of the many different soaps, emulsions, and soap powders tried at 
the station for the purpose, a soft soap of the nature of shaving 
cream when mixed with water to the consistency of lubricating oil 
was found to give the best result. 

After the fruit is washed and polished it is sized by iriechanical 
sizers and graded by hand according to color and blemishes. For 
the latter kind of work standards of comparison have been generally 
agreed upon by the growers, but the agreement is not always ad- 
hered to. 

Attack by decays such as blue and green molds and stem-end rot, 
which follow injury to the fruit, may of course be prevented by 
careful handling of the fruit so as to avoid bruising, by keeping it 
cooled to a temperature of 40° F., and transferring it directly from 
the refrigerator to an insulated, refrigerated hold of the steamer. 
Infection takes place in fruit the rind of which has been torn, 
especially when the fruit is placed in a hot, moist atmosphere sucli 
as prevails in the coloring room or in the hold of a nonrefrigerated 
steamer. The paper in which the fruit is wrapped inhibits evapora- 
tion and moisture conditions then favor fungus growth regardless 
of where the fruit is stored. The fruit should be thoroughly dried 
to eliminate as much moisture as possil)le from around the calyx. 
Fruit which is well dried and kept in dry air is not nearly so likely 
to decay as is that which is wrapped and packed. However, since 
wrapping and packing are necessary and since infection is induced 
by high respiration, the only remaining remedy is refrigeration. By 
means of refrigeration both respiration and the vitality of the fungus 
are greatly lessened. 

Infection is likely to take place at any time betw^een picking and 
refrigeration, and this period should therefore be shortened as much 
as possible. This matter seems to be understood by growers, and a 
modern precooling plant has been erected on the steamship wharf 
in San Juan. After the precooling system is put into practice brown 
spotting or cold-storage pitting of the rind may become a problem. 
However, it will not be serious unless the fruit is held at 40° F. or 
below for some time and can be partly prevented by careful han 
dling. Spots always develop on parts of the rind which has been 
slightly scratched or squeezed. 

SUMMARY 

In a study made of the present practice of citrus growing in Poru^ 
Rico the origin of some of the methods now in use are traced ait i 
those giving promise of best results are discussed. Operations 1 * 
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which no well-defined methods have as yet been perfected in Porto 
Rico are considered on the basis of practice successfully used 
elsewhere. 

Commercial planting of citrus in Porto Rico dates from about the 
year 1901. The first plantings consisted mostly of orange trees, but 
these w^ere generally rebudded to grapefruit a few years later. The 
more recent plantings consist almost entirely of grapefruit. 

The area devoted to grapefruit approximated 6,000 acres in 1928, 
when the estimated yield was 1.235,000 boxes of that fruit. The 
quantity of oranges produced fluctuates from year to year. In 1924 
less than a quarter of a million boxes of oranges were exported, 
whereas the previous ye^r the exportation was nearly three-quarters 
of a million boxes. Most of this fruit was produced by trees growing 
in the mountain districts, where they are used as shade for coffee 
trees. 

The commercial citi'us groves are located mainly on soils ranging 
from light beach sand to heavy clay. The sandy type of soil is 
suitable for citrus culture, provided it contains a fair amount of 
humus and the water table does not at any time rise to within the 
soil area occupied by the larger portion of the root system. 

In a preliminary study of tree stocks a chemical method was de- 
vised permitting of readily differentiating one kind of stock from 
another by means of the color produced when ferric chloride was 
added to an aqueous extract of the root bark. 

The selection of seeds for the production of stock as well as of seed- 
ling trees is emphasized, and nursery methods suitable to local con- 
ditions are described. Bud selection, based upon recognized, de- 
sirable trees and fruit characters, is discussed. 

Field methods, based upon practical experience in Porto Rico, 
are outlined. These include the provision of windbreaks for the 
citrus tree and the planting of the latter on raised mounds. Planting 
suc'h permanent windbreaks as the bamboo or other similar tall, 
quick-growing plants is recommended. The use of smaller plants, 
grown among the citrus trees as windbreaks, also is advocated, espe- 
cially for young plantings. The purpose of the latter is primarily 
that of maintaining as high an air humidity among the trees as 
possible. By this means scale insects, which are very destructive to 
citrus trees, are kept in check by scale-destroying fungi. 

The planting of citrus trees on raised mounds is described. By 
the use of this method the crown roots become exposed after the 
mound subsides, which effectively prevents foot rot, a disease doing 
considerable damage to citrus trees planted too deep. 

Fertilizing, based upon local field experience, is discussed. It is 
|)ointed out that most local planters apply 50 pounds or more of 
mixed fertilizer to each bearing tree annually, and that some apply 
'^s much as 100 pounds to large bearing trees. The formulas of the 
various fertilizer mixtures used are too variable to serve as a basis 
^*>r standardization of fertilizer formulas. The number of annual 
4^plications is variable, but the practice of applying the fertilizer 
*hree times a year, the first part of December, March, and June, is 
't sirable for bearing trees. 
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Mention is made of the destructive insects and diseases commonly 
encountered in citrus groves and after the fruit has been picked, 
and a brief description is given of the control measures commonly 
employed for them. 

Harvesting and handling of citrus fruits is fairly well standard- 
ized, but some of the packing-house operations need further per- 
fecting. Coloring of fruit artificially in the early season and the 
various factors affecting coloring have been studied and are discussed. 
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